9/ 30/ 96

'S AN ADDI TI ONAL UNCERTAI NTY FACTOR NECESSARY AND APPROPRI ATE TO
ASSESS PRE- AND POST- NATAL DEVELOPMENTAL AND REPRCDUCTI VE EFFECTS
I N I NFANTS AND CH LDREN EXPOSED TO PESTI Cl DES THRU CHRONI C
DI ETARY EXPOSURE?

Executive Summary

This position paper summarizes the O fice of Pesticide Programs
(CPP) response to the legislative requirenents of the Food
Quality Protection Act (FQPA) of 1996, on the basis of the
recommendation in the NAS Kid's Study (NRC, 1993), that an
additional uncertainty (up to 10-fold) factor be used in the
Agency's risk assessnent practices. NRC concluded that infants
and children may have significantly different exposures and/or
responses to pesticides than adults. Thus it was believed that
an additional uncertainty factor may in sone cases be needed to
account for the lack or inconpleteness of pre- and post-natal
devel opnental toxicity data. The Agency general ly agrees that
for certain situations, specifically, an inconplete data base,
the use of such an additional uncertainty factor is appropriate.
G her situations, e.g., where it is known or expected that the
human popul ation is nore sensitive than experinmental aninmals to
an agent, nust be considered on a case-by-case basis. Wile use
of an additional uncertainty factor in every case appears to be
unwarranted and was not reconmmended by the NAS, several
additional steps appear appropriate. These steps include 1)
finalization of the revised multi-generation reproduction and
prenatal devel opnental toxicity test guidelines, with their

i nproved consi deration of the unique sensitivities of the
devel opi ng fetus and maturing individual, and 2)continued

col  aboration with ORD, other Agencies and stakehol ders to
devel op protocols to evaluate the direct pre-weaning effects of
chem cal s on the neonate/infant, and 3)continue to support the
devel opnent and execution of a research plan to characterize age-
rel ated differences which may exist as a consequence of exposure
to pesticides. The Agency believes that the approach described
in this paper is consistent with both the 1993 NAS report and the
August 1996 FQPA.
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| . Background

In 1988, the U S. Congress asked the National Acadeny of Sciences
(NAS) to evaluate the Agency's existing risk assessnent practices
to determ ne whether or not they adequately considered the
potential for risks to infants and children. 1In 1993, the NAS
published its report on Pesticides in the Dets of Infants and
Children (NRC, 1993) in which it concluded that infants and
children may have significantly different exposures and/ or
responses to pesticides than adults. Because of these and ot her
di fferences, the NAS nmade reconmmendati ons regardi ng tol erance-
setting, toxicity testing (cancer, reproductive and devel opnent al
toxicity, neurotoxicity, imunotoxicity and hornonal effects),
uncertainty factors, food consunption data, pesticide residue
data, and risk assessnent.

I n August 1996 Congress passed new pesticide food safety

| egislation, the Food Quality Protection Act (FQPA P.L. 104-
170). The anendnents to the FFDCA in this |egislation have
directly incorporated the NAS report's reconmmendati ons ! regardi ng
special protections for infants and children. The FQPA states

[ FFDCA 8§ 408(b)(2) (O (1)(1)], "In the case of threshold effects,
for purposes of clause(ii)(l)(reasonable certainty that no harm
wll result) an additional tenfold nmargin of safety for the
pestici de chem cal residue and ot her sources of exposure shall be
applied for infants and children to take i nto account potenti al
pre- and post-natal toxicity and conpl eteness of the data with
respect to exposure and toxicity to infants and chil dren.

Not wi t hst andi ng such requirenments for an additional margin of
safety, the Admnistrator may use a different margin of safety
for the pesticide chemcal residue only if, on the basis of
reliable data, such margin will be safe for infants and
children.”

Thi s paper presents how the Agency currently addresses potenti al
hazards associ ated w th pesticide exposure to infants and
children for chronic dietary risk assessment with regard to the

The NAS report (1993) states in its executive sunmary, "Because there exist specific periods of
vul nerabi lity during postnatal devel opment, the conm ttee recommends that an uncertainty factor up to the
10-fold factor traditionally used by EPA and FDA for fetal devel opnental toxicity should al so be considered
when there is evidence of postnatal devel opmental toxicity and when toxicity testing relative to children
are inconplete. The conmttee w shes to enphasize that this is not a new, additional uncertainty factor
but, rather, an extended application of an uncertainty factor now routinely used by the agencies for a
narrower pur pose.

In the absence of data to the contrary, there should be a presunption of greater toxicity to infants

and children. To validate, this presunption, the sensitivity of mature and i mmature individuals should be
studi ed systematically to expand the current limted data base on relative sensitivity."(pp. 9, 10)
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use of uncertainty factors (UF) in deriving the reference dose
(RFD). The scope of this paper is limted to describing how CPP
utilizes data including those related to pre- and post-natal
reproduct i ve/ devel opnental toxicity and how it considers

i nconpl ete data sets when maki ng the reference dose
determnati on

The paper al so provides recomendations for inproving the
Agency’s ability to assess these hazards. Furthernore, it should
be noted that there may be a need to consider the use of an

addi tional uncertainty factor when estimating the nargin of
exposure based on the uncertainties and assunpti ons nade
regardi ng exposure in order to make ri sk nmanagenent deci sions.
The Agency is currently evaluating the need to develop interim
gui dance on this point which may be used for assessing aggregate
exposur e.

1. OPP's Current Practice for Assessing Threshold Non-I1inear
Ef fects of Pesticides

The concept of using the available toxicity data base required
for food use pesticides along with appropriate safety or
uncertainty factors to establish an upper limt for human dietary
exposure to pesticides has been practiced for nore than 30 years.
The term Reference Dose (RFD) or the ol der term acceptable daily
intake (AD), refers to an approxi mate anmount of pesticide which,
if ingested daily over a human's entire lifetime, appears to be

w t hout appreciable risk.

CPP' s gui dance paper (USEPA, 1985) stated that the foll ow ng data
nmust be present to establish a reference dose: (1) a chronic rat
feeding study, (2) a chronic dog study, (3) a rat nulti-
generation reproduction study and (4) two devel opnental toxicity
studies in different species, usually rat and rabbit.

If all these studies are present, the RRDis calcul ated by
dividing the nost appropriate NCEL (usually the | owest NCEL) by
100 after a weight of the evidence peer review by senior
scientists in CPP. The 100 fold uncertainty factor is based on
the assunption that there can be variations in sensitivity.
Therefore COPP applies 10 for interspecies and 10 for intraspecies
variability. In the absence of a chronic dog, chronic rat or

The Reference Dose (RfD) is based on the assunption that thresholds exist for certain toxic

effects such as cellular necrosis, but may not exist for other effects such as carcinogenicity. In general,
the RFDis an estinmate (with uncertainty spanning perhaps an order of magnitude) of a daily exposure to the
hurman popul ation (including sensitive subgroups) that is likely to be w thout appreciable risk of

del eterious effects during a lifetime (U S EPA 1991a )
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reproduction study (or studies), additional uncertainty factors
may be used. For exanple, if a chronic dog study is m ssing,
then an additional factor of 3 may be used to account for the
fact that the NCEL fromthe dog study may be | ower than the NCELs
of either the chronic rat or the reproduction studies. If two of
these three major studies are mssing, the additional factor may
be 10.

Li kewi se, additional factors nmay be used to account for the |ack
of a NCEL in a critical study which may formthe basis for the
RfD. Depending on the severity of the effect, additional factors
may range from3 to 10.

The NAS report (NRC, 1993) recommended consideration of an extra
uncertainty factor when there is evidence of devel opnent al
toxicity but data are inconplete. EPA and FDA take a wei ght of

t he evi dence approach based on the severity and nature of the
effect, and the presence or absence of maternal toxicity in
determni ng what uncertainty factors to apply. Furthernore,
neither the OPP Standard Eval uation Procedures (draft) nor the
Agency risk assessnent gui delines concerning devel opnental and
reproductive toxicity recormend an extra uncertainty factor. FDA
in1984-5 fornulated a policy 2 for requiring an additional 10-
fold safety factor for food and col or additives which
denonstrated irreversi bl e devel opnental effects such as

mal formations (T. Collins/FDA 1995, personal communication).
Usual |y an uncertainty factor of 100 is applied to NCELs in
animal studies, and is considered sufficient to protect hunan
popul ati ons from devel opnental effects (Newran et al., 1993; U S
EPA, 1991b; WIson, 1973). WIson (1973) noted that only in
extrene cases, e.g. chemcals w thout beneficial properties,
should a larger uncertainty factor be recomended.

Al t hough not used for risk assessnent purposes, an extra 10-fold
factor is consistently applied to NCELs for devel opnental /
reproductive endpoints for chemcals identified under
California's Proposition 65. This factor is part of the |aw and
is not ordinarily used in the risk assessnent process by
California' s Environnental Protection Agency (Cal EPA). In fact,
Cal EPA normal |y uses a 100-fold uncertainty factor when
performng a risk assessnent based on a NCEL for a devel opnent a
endpoint. The 1000-fold uncertainty factor is used to trigger
the public information requirenment contained in the | aw (personal
communi cati on between Ruby Reed, Cal EPA, and Reto Engler, USEPA).

This policy relates to devel opnental findings in the two generation reproduction studies in
association with a teratol ogy phase conducted with oral (dietary, drinking water) exposure and includes
decreases in litter size, increased resorptions, increases in nalformations, increased still births

(Jackson, 1988; Kokoski, 1990)
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A rcunstances which may trigger EPA' s use of an additiona
uncertainty factor in OPP include: 1) scenarios which [ack an
exposure nodel for individuals who nay be nore sensitive than the
test animals 4 (Hemmnki and Vineis, 1985; Kinmel et al., 1984;
SAB, 1995; Tilson et al., 1990) and 2) the toxic properties are
such that "extrapol ation" fromthe dose-response curve Sis
difficult. Eevations in human background exposure to
xenobiotics (e.g., pollutants such as nethl ynmercury, PCBs,
hornonal |y active agents) (SAB, 1995; Tilson, 1990; WIson, 1973)
shoul d al so be taken into consideration in exposure estinmates but
not necessarily in the application of uncertainty factors.
Principles used by the WHO Expert Panel of the Joint Meeting on
Pesti ci de Residues (JMPR) (WHO, 1990) in nodifications of the 100-
fold U-F are presented in Appendi x 1.

Qurrently when OPP determ nes the appropriate uncertainty
factors, it weighs all of the follow ng el enents:

1) conpl eteness of the toxicol ogi cal database for |aboratory
ani nal s

2) results of human studies

3) slope of the dose response curve

4) severity of the effects

5) known susceptibility and exposure of the target human
popul ati on

6) what is known about netabolic considerations

7) as well as structure activity relationshi ps between the
pesticide in question and any known hunman devel opnent al

t oxi cant s.
I11. Case Studies Illustrating Current Practices
The follow ng exanples are given to illustrate CGPP's current

practices with regard to pre- and post-natal data fromthe
standard battery of toxicity tests required for food use

chem cals and the establishnent of the RRD for chronic dietary
exposure. These exanples are intended to represent OPP deci sion
logic for establishing a reference dose.

General ly, such factors as nutrition, personal habits (e.g., snoking, alcohol consunption, illicit

drug abuse), or pre-existing disease (e.g., diabetes) nay predi spose some individuals to be more sensitive
to devel opnental effects of various agents (EPA 1991; p. 63820).

The total size of the uncertainty factor will vary fromagent to agent and will require the exercise
of scientific judgenent, taking into account interspecies differences, variability wthin species, the slope
of the dose-response curve, the background incidence of the effects, the route of adm nistration, and
phar macoki netic data (EPA, 1991b; p. 63819).
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3 a. Case 1: The use of an extra uncertainty factor

In Case 1, a conplete toxicological data base was avail abl e and
acceptable. The CPP RRD Conmmttee recommended that a RFD be

est abl i shed based on the reproductive toxicity study in rats

(dose |l evels of 0, 200, 500 or 700 ppn) with a reproductive
toxicity NCEL of 200 ppm (14 ng/kg/day in nales and 16 ng/ kg/ day
in females). At the next higher dose |evel of 500 ppm (33 and 44
ny/ kg/ day, mal es and femal es, respectively), the foll ow ng

effects were observed: decreased maternal body wei ght and/ or body
wei ght gain during gestation in both generations (P, Fl1), reduced
pre-mati ng body wei ght gains in the second generation (F1

adults), increased duration of gestation in both F1 and F2 dans,
reduced prenatal viability (fetal and litter), reduced litter

si ze, increased nunber of stillborn pups, reduced pup and litter
postnatal survival, and decreased pup body wei ghts throughout
lactation. Male fertility was reduced in the F1 generation at

500 and 700 ppm with degeneration and/or atrophy of the germ nal
epitheliumof the testes and oligosperma and intra tubul ar
degeneration of semnal product in the epididymdes. In

addi tion, developrmental toxicity was observed in the rat at 25

ny/ kg/ day evi denced as decreased fetal weights and increased
variations. The NCEL for devel opnental toxicity in the rat was

10 nyg/ kg/ day. An uncertainty factor (UF) of 100 was applied to
the NOEL of 14 ng/kg/ day account for interspecies extrapol ation
(10) and intraspecies variability (10) and an additi onal
uncertainty factor (UF) of 3 was applied to account for the
nature and severity of effects noted in the reproduction study
and pre-natal effects noted in the devel opnental toxicity studies
at treatnment levels that were not maternally toxic. The RfD was
estimated to be 0.05 ny/kg/day.

3 b. Case 2: No additional UF required for RED

In Case 2, a conplete toxicological data base was avail abl e and
acceptable. The COPP RFD Commttee recomended that a reference
dose for this chemcal be based on the 1 year feeding study in
dogs (dose levels of 0, 15, 50, 250 or 1500 ppm) with a systemc
NCEL of 50 ppm (1.9 and 1.6 ny/ kg/day, males and fenal es,
respectively). Males showed growh retardation at 250 ppm (8.9
ny/ kg/ day) and 1500 ppm (55.8 ng/ kg/ day). Both sexes at these
dose levels (7.0 and 50.0 ny/kg/day for fenales, respectively)
exhi bited decreases in RBC, HCT and H3&, increases in Heinz

bodi es, net henogl obin, MV, MCH reticul ocytes, platelets, plasm
total bilirubin, spleen weight and spl een/ body wei ght ratio and
l'iver weight and |liver/body weight ratio. Henatopoiesis and

si nusoi dal engorgenent occurred in the spleen and hyperpl asi a
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occurred in the marrow of the femur and sternum The |iver

showed an increased pignment in the Kupffer cells. An uncertainty
factor (UF) of 100 was applied to the NCEL of 1.6 ng/kg/day to
account for interspecies extrapolation (10) and intraspecies
variability (10). On this basis, the RRD was calculated to be
0.016 ny/kg/day. The NCEL for reproductive effects for this
chem cal was 15 ng/ kg/day, which is approximately ten fold higher
than the NOEL used for the RFD, the LOEL for reproductive effects
was 163 ng/ kg/ day based on decreased nunber of viable pups on day
4. The NCEL for devel opnental toxicity in both species tested
(rat and rabbit) was greater than the limt dose of 1000

nmg/ kg/ day. Therefore, the use of an additional UF for
reproductive/ devel opnental effects was not warranted.

3c. Case 3: RID set on reproductive data and whi ch does not
warrant an extra Ur

Case 3 has a conpl ete toxicol ogi cal data base which was

consi dered acceptable by the RRD Coonmttee. The RFD is based on

a three-generation reproduction study (dose |evels of 0, 1000 or
10,000 ppn) in which the LCEL for offspring systemc toxicity is

10, 000 ppm (661 ny/ kg/ day) based on reduced pup body weights |ate
in lactation. The OPP RFD Conm ttee recommended that the

ref erence dose be based on the reproductive toxicity study wwth a
NCEL of 63 ng/ kg/day (1000 ppm. The NCEL for devel opnenta
effects in one species (rat) was greater than 1000 ny/kg/ day.
The NCEL for devel opnental toxicity in the rabbit was 40

ng/ kg/ day. The LCEL in the rabbit devel opnental toxicity study
was 200 ng/ kg/ day based on increased resorptions. Because the
NCELs for the rabbit devel opnental toxicity and reproduction
studies were simlar, the Agency used the NOEL fromthe
reproduction study. The NCEL fromthe reproduction study was
used to set the reference dose because the route of exposure was
dietary which was deened nore appropriate for a chronic dietary
ri sk assessnent than short term gavage dosing (which is the

met hod of exposure in the devel opnental toxicity study). An
uncertainty factor (UF) of 100 was applied to account for both

i nterspeci es extrapolation (10) and intraspecies variability
(10). Even though this was a reproduction study, the Commttee
believed that an UF of 100 was adequate in view of the fact that
the only effect observed was decreased pup body weight at a dose
that was ten tinmes the NOEL.
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The current multigeneration test protocol evaluates the integrity
and performance of the nale and fenal e reproductive systens,

i ncl udi ng gonadal function, nating behavior, conception,
gestation, parturition, |lactation and weani ng, and the growh and
devel opnent of the offspring. This study nay al so provide
information about the effects of the test substance on neonat al
norbidity and nortality and prelimnary data on pre- and post-
natal devel opnental toxicity. The parents are exposed
continuously to the test agent prior to mating, during gestation,
and during lactation. The progeny fromthis mating are al so
conti nuously exposed, weaned, allowed to mature and mate. This
cycle is observed while the aninmals are dosed for two consecutive
generations. Sone of the observed changes may be the consequence
of in utero or post-natal exposure. Many paraneters are
evaluated in this toxicity study which could identify adverse
effects on the neonate, including body weight, and clinical and
behavi oral signs. G oss pathol ogi cal exam nations are perforned
on the parents, w th histopathol ogi cal exam nati ons focusi ng
primarily on the organs of reproduction. The reproduction study
is believed to capture nost of the nmajor effects of a chem cal
seen on the neonate 7. Ceneralized toxicity will also be observed
during the nore conprehensive chronic toxicity and/ or

carci nogeni city studi es which require exposure to the ani nal over
an extensive period of its lifetine.

2. Proposed test guideline revisions

A devel opnental neurotoxicity test guideline was published in the
Federal Register in |99 (USEPA 1991c). Since that tinme, the
Agency has requested that this devel opnental neurotoxicity
testing be conducted as a conditional requirement for the
registration of a small nunber of pesticides (approxi mately 10)
based upon specific criteria confirnmed by the FIFRA Scientific
Advi sory Panel (1987, 1994). A devel opnental neurotoxicity study
should be npandatory if the data for a particular chemca
denonstrate central nervous systemnal formations, and shoul d be
considered if the chemcal has been shown to cause

neur opat hy/ neurotoxicity in adults, is a hornonally active
conpound, or causes other types of devel opnental toxicity. These
criteria are currently used in CPP to determne the need for a
devel opnental neurotoxicity study for any chem cal under review

It is inportant to note that in one sense infants are given "overprotection" by the use of the
reproductive NCEL in a two generation reproduction study for risk assessment. The nmethod of fetal
exposur e/ pup feedi ng during pregnancy/lactation results in excessive exposure to test conpound during this
period. It is known that pregnant/lactating dans consune 2 to 4 tines the normal amount of food consuned
prior to pregnancy. Thus, the dosage of test conpound is proportionately increased in the blood supply.
Further, offspring are often doubly exposed to the pesticide through conpound excretion in the mlk supply
pl us direct consunption of feed containing pesticide intended for the mother (pups start eating increasing
anmounts of the danmis food supply around lactation days 14 to 21)) (Shirley, 1984; Hanley and Wt anabe,
1985).
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In the devel opnental neurotoxicity study, the period of exposure
is continuous through the last two-thirds of gestation, and
parturition until postnatal (PN day 10. The pups are eval uated
for physical |andmarks of naturation, reflex devel opnent, notor
activity, sensory function, and |earning and nmenory. Tissues of
t he nervous systemare exam ned hi stopathol ogically for pups on
PN day 11, and young adults on PN day 60.

There are sone paraneters which are not currently evaluated in
the current devel opnental or reproductive toxicity testing
guidelines (e.g., continued dosing up to termnation of a

devel opnental toxicity study to eval uate reproductive effects, or
changes in sperm norphol ogy and notility). However, OPP has
received data fromregistrants on a voluntary basis addressing
sone of these paraneters, which we have in turn used for risk
assessnent. As a consequence, the Agency becane aware of the
nerit of these data and is now including these paraneters in the
revi sed data requirenents. The new test guidelines for
reproductive and "pre-natal devel opnental toxicity & are in the
| ast stages of public comrent and finalization. Recomrendations
of the NAS conmttee and nmany ot hers have been incorporated to
clearly identify sensitive endpoints that relate to pre-natal and
post - natal devel opment. The "pre-natal devel opnental toxicity
testing guideline" recommends that the test substance be
admnistered daily to the pregnant dans fromthe day of

i npl antati on (approximately gestation day 6) through termnation
of the study. Termnation in this study will be around day |8
for mce, day 20 for rats and day 29 for rabbits. Late-

devel opi ng systens in the maturing fetus (e.g., the reproductive
systemor sone aspects of the ONS), will be exposed to the test
subst ance under the new devel opnental toxicity testing

gui del i nes.

In the new reproduction testing guideline, estrous cyclicity wll
be evaluated in adult females and spermw || be exam ned in adult
mal es at study termnation; spermnotility, total spermcount,
and norphol ogy will be assessed. As stated previously, these
endpoi nts have not received attention in previ ous Agency
guidelines. In addition, the timng of sexual maturation
(puberty) noww |l be examned in the offspring of both
generations, and a selection of reproductive organ weights will
be taken for all parents. These additions wll increase the
ability of the reproduction study to identify additional hazards
in the devel oping and maturing ani nal .

8The new har noni zed test guidelines designation, "prenatal devel opnental toxicity" refers to a study
whi ch eval uates only those aspects of devel opnental toxicity up to the tinme of birth. This study, together
with the miltigeneration study, and i n sone cases the devel opmental neurotoxicity study, give a nore
conpl ete picture of prenatal and postnatal exposure.
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3. Potential limtations of test requirenents

The devel opnental toxicity, the devel opnmental neurotoxicity and
reproduction toxicity studi es cover nost of the conparable
exposure periods experienced by infants and children. It should
be noted, however, that although it is believed that xenobiotics
may be transferred fromthe nother to the pre-weaning offspring
via the mlk, these studies do not include quantitation of the

| evel s of such an exposure. Furthernore, the data generated
under these testing guidelines do not include nmeasurenents of the
parent chemcal or its netabolites in the mlk. Another
confoundi ng factor is that towards the mddle of the lactation
period, the pups may have two sources of exposure to the test
article (e.g., mlk and the nother’s chow) (which is not
quantified). The lack of this information inpairs the Agency’s
ability to provide, a nore accurate hazard/ri sk assessnent for
infants.

V. Concl usi ons and Recommendati ons

The FQPA requirenment that an extra uncertainty factor (up to 10X
be applied to the endpoints of concern in the reproduction or

devel opnental toxicity study to protect the neonate and maturing
individual is a prudent and conservative step on a case-by-case

basis under special circunstances . The follow ng are exanpl es of
when an additional UF nmay be appli ed.

1. Wen the severity of the effect, the potency or unusual
toxic properties of a conpound nmake determ nati on of the
adequacy of the uncertainty factors difficult due to the
shape of the dose response curve(s).

2. The chemcal has an inconpl ete data base.

The bl anket use of an additional 10-fold uncertainty factor for
every pesticide, regardl ess of the outcone of the reproduction
and devel opnental studies as currently conducted i s unwarranted,
and was not recomrended by the NAS report.

In the near future, the US EPAwII finalize the new
reproduction and "pre-natal devel opnental " test guidelines. They
wll inprove the Agency’s ability to assess the uni que
sensitivities of the devel oping fetus and naturing individual.
(ne possible shortcomng in the risk characterization of

i ncreased susceptibility of infants and children is the inability
to address enhanced sensitivity of a subpopul ation of infants, or
infants that are being exposed through other routes (.e.g., skin,
inhal ation) during the first years of life. Active research in
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this area is currently being conducted by Dr. Robert Chapin at
N EHS using a special post-natal protocol to exam ne sel ected
pesticides of special concern. This research should provide
val uabl e insights into unique neonate/infant sensitivities.

The Pesticide Programin concert with its stakehol ders proposes
to: 1) adopt the draft revisions to the prenatal and reproduction
study gui delines as soon as possible to inprove identification of
pre- and post-natal hazards, 2) continue to carefully eval uate
each pesticide chemcal using the criteria described earlier in

t he paper (under section Il) with respect to any effects on the
fetus, the neonate and the young individual, 3) continue to
interact with ORD, other agencies or join wth stakehol ders in
devel opi ng protocols to eval uate exposure of pre-weani ng ani nal s
to pesticides by oral, dermal and inhalation routes, and
4)continue to support the devel opnent and execution of a research
pl an to characterize age-related differences which may exist as a
consequence of exposure to pesticides.
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APPENDI X 1
Taken from Section 9.2.2 EHC 104 (WHO 1990)

Modi fications of uncertainty (safety) factors to either increase
or decrease their size are based upon the follow ng principles:

1. Wen relevant human data are available, the 10-fold factor for inter-
species variability may not be necessary. However, relatively few paranmeters
are studied in man in the assessment of pesticide safety, and data on

oncogeni city, reproduction and chronic effects are rarely available. Thus,
even if the parameter nmeasured in hunmans is the same as the nost sensitive
adverse effects measured in the experinental aninal (e.g., erythrocyte

chol i nest erase depression), uncertainty still remains with respect to the
potential effects on other parameters. This usually necessitates an increased
safety factor. Consequently, JMPRrarely utilizes safety factors as |ow as
10-f ol d.

2. The quality of the data supporting the NQAELs deternined in the ani nal
experiments (and al so in human experinents) influences the choice of the
safety factor. Unfortunately, toxicity studies are rarely perfect in al
respects. Wiile a study nay serve to answer a basic question, the degree or
certainty with which the question is answered nay be reduced by, for exanpl e,
increased nortality in all groups in an oncogenicity study, resulting in

mar gi nal | y-accept abl e data being available at the ternination of the study.
When a request for a repeat study is not fully justified, an increased safety
factor may be utilized under such circunstances.

3. The quality of the total data base nmay affect the choice of safety factor
Significant data deficits may warrant an increased safety factor due to
i ncreased uncertainty.

4. The type and significance of the initial toxic response may alter the
safety factor. Thus a response which is reversible may result in a reduced
safety factor.

5. The limted nunber of aninals used in oncogenicity studies limts the
sensitivity of the study in the identification of a threshold dose. Wen
evi dence of neoplasia has been identified, safety factors may be increased
dependi ng on the available ancillary data and the establishment of an NOAEL

6. The shape of the dose/response curve (in those cases where data are
adequate to permt derivation of such a curve) nay al so be considered in
assessing safety factors.

7. Metabolic considerations nay influence the choice of the safety factor
Thus, saturation of metabolic pathways resulting in toxic manifestations,

bi phasi ¢ netabolic patterns, and data on conparative netabolismmay all affect
t he magni tude of the safety factor.

8. Know edge of the conparative mechani sns of toxic action in experimental
ani nal s and nan may influence the choice of safety factor
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